A mesoporous SBA-15 doped iron oxide (Fe 2 O 3 /SBA-15) was synthesized by co-codensation, characterized and used as heterogeneous catalysts for the photo-Fenton decolorization of azo dye Orange II under UV irradiation. Response surface methodology (RSM) was used to investigate operating condition effects, such as hydrogen peroxide concentration, initial pH and catalyst loadings, on the decolorization rate. UV irradiation is found to enhance the activity of the catalyst in the process. RSM analysis evidenced the influence of the initial pH value and H 2 O 2 concentration on the dye degradation rate. The coupled UV/Fe 2 O 3 /SBA-15/H 2 O 2 process at room temperature is revealed as a promising friendly process for wastewater treatment. Indeed, the use of a heterogeneous catalyst allows an easy active phase recycling without multi-step recovering while the heterogeneous catalyst used here exhibits high catalytic activity for the reaction considered.
INTRODUCTION
Synthetic dyes are manufactured and used for numerous industrial applications such as the textile, leather goods, food manufacture and other chemical usages. It is estimated that among the total amount of dyes, 1 -2% in manufacturing and 1 -10% in use are released into water, air and soil (Forgacs et al. 2004) . Consequently, a further treatment is needed to limit their impact on the environment. Unfortunately, traditional wastewater treatment processes are inefficient in handling these dye pollutants, mainly because of their biological resistance and chemical stability (Ganesh et al. 1994; Razo-Flores et al. 1997; Konovalova et al. 2000; Lucas & Peres 2006) . Therefore, decolorization and mineralization of dyes waste is a challenge for scientists, but also for the industry.
Consequently, various methods are developed, and proposed as solutions, to treat dye pollutants. Advanced oxidation processes (AOPs) have emerged as interesting and effective alternative technologies.
Among advanced oxidation processes, Fenton and photo-Fenton technologies are gaining growing acceptance as effective dyes wastewater treatment methods. However, such technologies imply some major drawbacks: (i) the narrow range of pH in which the reaction proceeds; (ii) the difficulties for catalyst recovering after wastewater treatment; (iii) the resulting sludge can contain heavy metals and thus requires further treatment stages. Consequently, the use of heterogeneous solid Fenton catalysts could be an alternative method of these problems. Among the possible Fenton proposed catalysts, mesoporous SBA-15 silica supported iron oxide (Fe 2 O 3 /SBA-15) was reported as a very promising Fenton catalyst, and it has been successfully tested in other Fenton-like processes handling industrial H 2 O 2 as oxidant. As for the heterogeneous photo-Fenton reactions, hydrogen peroxide concentration, pH and catalyst loading are key parameters to control the kinetics of pollutant degradation. The traditional one-factor-at-a-time approach has been widely used for process optimization.
In this case, only one parameter is varied at a time.
Consequently, to study the influence of one parameter, the others theoretically remain constant. However, this may only be a partial approach of exploring these parameter effects experimentally since it does not take into account possible interactions among the parameters (Ramirez et al. 2005; Zhang et al. 2009 ). An alternative method, namely experimental statistical design, can overcome this shortcoming. Recently, the multivariable analysis method has been applied to investigate the operational parameter effects for dyes and phenolic aqueous solutions during photo-Fenton processes (Martinez et al. 2005; Kasiri et al. 2008) .
In this work, iron-based mesoporous SBA-15 type silica material (labeled Fe 2 O 3 /SBA-15) was synthesized by using a single step procedure, characterized and tested as heterogeneous catalysts for the photo-Fenton decolorization of azo dye Orange II. The influence of different variables, namely initial pH (X 1 ), catalyst loading (X 2 ) and hydrogen peroxide concentration (X 3 ), was studied using a response surface methodology (RSM). The response factor considered was the decolorization rate constant.
METHODS

Catalyst preparation and characterization
The Fe 2 O 3 /SBA-15 catalyst was prepared according to the procedure reported by Molina et al. (Martinez et al. 2002; Melero et al. 2007) . In this procedure, iron precursor (Iron chloride hydrate) is added to the synthesis media, and precipitated by ammonia adding after silica condensation.
A full description of the synthesis procedure can be found elsewhere (Xiang et al. 2009 ). The sample physical properties are gathered in Table 1 . also allows the detection of large aggregates of small iron particles outside the silica porosity.
In conclusion, the Fe 2 O 3 /SBA-15 catalyst can be described as small crystallized iron clusters dispersed in or around the silica porous matrix and is reported to be efficient for the phenol catalytic wet peroxide oxidation reaction (Xiang et al. 2009 ).
Heterogeneous photo-Fenton experiments
In a typical experiment, a solution of 200 Table 3 ). This design is considered to be the most suitable to obtain knowledge of the influence of the variables on the process (Ormad et al. 2006) . In order to check the assumption of linearity in the factor effects, further experiments to the star points and center point were performed randomly based on the conditions illustrated in 
RESULTS AND DISCUSSION
Preliminary and sequential study of Orange II Based on the results shown in Table 2 , RSM model of second order polynomial equations were determined as follows, k ¼ 0:058 2 7:809 £ 10 23 X 1 þ 1:571 £ 10 24 X 2 þ 0:032X 3 2 2:625 £ 10 25 X 1 X 2 2 1:149 £ 10 23 X 1 X 3 þ 1:366 £ 10 23 X 2 X 3 þ 5:349 £ 10 23 X 2 1 þ 3:749 £ 10 23 X 2 2 2 8:155 £ 10 23 X 2 3
The coefficients of determination R 2 gave the porportion of the total variation in the response variable explained.
The R 2 obtained in this work (0.9843) ensured a satisfactory adjusment of the quadratic model to the experimental data.
The analysis of variance results were listed in Table 4 .
The model is significant at the 5% confidence level and the model explained the data variability adequately since the p-value of the model is much less than 0.05 (Benatti et al. 2006; Ghafari et al. 2009 ).
Adequate Precision value (AP) was used to assess the discrimination between the range of the predicted values at the design points to the average prediction error (Beg et al. 2003) . The model is considered to give accurate prediction if the AP value is higher than four (Ghafari et al. 2009 ). The The corresponding response surface plots obtained from the quadratic RSM equation are presented in Figure 5 .
The P values for X 1 (0.0002) and X 3 (,0.0001) were quite smaller than 0.05, which mean that pH and H 2 O 2 concentration were extremely important in affecting Orange II decolorization rate k. The k response surface in Figure 5a clearly showed that acidic condition is beneficial for the decolorization of Orange II reaction. Indeed, catalyst loading of 0.4 g L 21 and H 2 O 2 concentration of 2.0 mmol L 21 lead to k values of 0.0313 min 21 and 0.0178 min 21 at pH ¼ 3.0 and 6.0, respectively. It is accepted that the pH changed the amount of the photoactive species, Fe(III), dissolved from the catalyst.
Moreover, the variation of initial pH value of the suspension may also change the catalyst surface properties, such as surface charge and surface hydroxyl concentration, which thereafter can affect the decolorization of Orange II rate.
The k response surface in Figure 5b and 5c clearly showed that Orange II decolorization was increased with the increase of H 2 O 2 concentration. Finally, it was worth nothing that the catalyst concentration (X 2 ) does not strongly affect the response factor.
CONCLUSIONS
We have shown that mesoporous silica supported iron oxide (Fe 2 O 3 /SBA-15) could behave as efficient and stable catalyst for dye decolorization in heterogeneous photo-Fenton system. Dye degradation carried out over this 
